INTRODUCTION
Several new laboratory and in situ measurements pertinent to the problem of ammonia on Jupiter have become available since Strobe1 (1973) published his calculations of the NH8 photochemistry. The Jovian temperature profile down to the ammonia cloud top has been inferred with a degree of accuracy adequate for the prediction of some interesting at'mospheric properties from the data collected by both the infrared radiometer and the radio occulation techniques used on Pioneers 10 and 11. New insight into the possible range of values for the eddy mixing coefficient is provided by the Jovian Lyman (Y airglow measurements. Additional chemical reactions and improved laboratory measurements of rate constants of some pertinent reactions are now available. In view of this new knowledge and the possible Jupiter Orbiter Probe Mission whose atmospheric sampling instruments would be designed to measure the various gaseous species in the lower atmosphere of Jupiter, we have carried out calculations which yield new estimates of the distribution of ammonia and its photochemical products. Sensitivity studies have also been made for several possible variations of the eddy transport coefficient.
In addition, the question of hydrazine (N2H4) condensation is discussed and extreme profiles of "gaseous" hydrazine as a function of Jovian altitude are generated along with the corresponding distribution of nitrogen gas. Some insight into the diurnal and latitudinal behavior of the gases is provided and important new or improved laboratory measurements are identified. at 1000 mbar to 148°K at 10 mbar with a distinct temperature inversion (110'K) around the lOO-mbar pressure level. The Pioneer 10 Lyman cr airglow measurements (Carlson and Judge, 1974) seem to indicate an eddy diffusion coefficient of the order of 3 X lo**' cm2 set-' with a highly uncertain homopause. However, the recent OAOCopernicus measurements (Barker, 1976) give a Lyman a! intensity which may be up to four times greater than that interpreted by Carlson and Judge from their photometer data. Thus the Copernicus data imply a smaller value of eddy diffusion coefficient K. We have made calculations with K a l/M and K a: 1/M1'2 (see, e.g., Lindzen, 1971) , both with an assumed tropopause value of KO = 2 X lo4 cm2 se+ after Tomasko (1974) . Sensitivity studies are also done with K. = 2 X lo3 and 2 X lo5 cm2 see-l. We also consider the case with constant K of 2 X lo4 cm2 see-', the value assumed by Strobe1 (1973) . The K 0~ l/M"* variation appears the most realistic ; a l/M variation produces an unacceptably high value of the eddy diffusion coefficient at the homopause.
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The relevant chemical reactions and the associated rate constants are listed in Table I . Photolysis of ammonia longward of 1600 A results in the formation of the amidogen radical NH2(X) in the ground state. Reaction of NHz(X) with hydrogen recycles part of the ammonia while reaction with itself leads to the formation of hydrazine. Photolysis of gaseous N2H4 then gives the NzH3 radical which reacts with H to form NH2 by the extraction reaction R6. N2H, reacts with itself to produce N2H4 and N, (R9); the rate constant for R8 is much smaller than that for R9 (Stief, 1976, personal communication) . The chemical reactions leading to the production of N2 in this paper differ from Strobel's (1973) in that he considers production of Nz directly from the photolysis of N2H4 and from the extraction reaction: N2H3 + H + Nz + 2Hz. Photolysis products of N2H4 by absorption of solar radiation longward of 1600 A may be as follows:
Only the first one of these processes, R5, is dominant, while the rest have extremely low quantum yield (see Schurath and Schindler, 1970 ; Stief and Payne, 1976) .
The rate constants k2, lea, and k? listed in Table I Hunten (1976) . The rate constant lcr is taken from the measurements of Stief and Payne (1976) . The curve with K = 2 X lo4 cm2 see-1 refers to the model in which the eddy diffusion coefficient is constant over the entire altitude range. The other two curves correspond to K varying inversely and inversely as the square root of the atmospheric number density, M, with reference value of K = KO = 2 X 104 cm* set-1 at the I-atm-pressure level CM = 2.9 X lOrg cm?. Strobe1 (1973) . Stief and Payne (1976) indicate that in the relevant temperature range kq may be up to a factor of 35 lower than the Francis and Jones (1971) value used in earlier calculations. Photoabsorption by ammonia was calculated for wavelengths between 1600 and 2300 A ; at shorter wavelengths solar radiation is absorbed by methane whose abundance above the ammonia cloud top is substantially greater than that of ammonia. Solar fluxes are from Ackerman (1971) and photoabsorption cross sections of NH3 and NzH4 are from Watanabe (1954), Thompson et al. (1963) , and Schtirgers and Welge (1968) . Solar flux and cross sections were averaged over a 10-A interval ; because of the structure in the ammonia cross sections, the averaging interval is important. As discussed later, the major uncertainty in the calculations results from the choice of the eddy diffusion coefficient. Therefore we have not included secondary effects such as depletion of solar flux by Rayleigh scattering (Strobel, 1973) and aerosols. For the "global average" model the solar flux was decreased by a factor of 0.5 and the mass path was doubled. A calculation for a latitude of 75" was also carried out; the effective zenith angle [ (determined by averaging cos E over the daylight hours) is 80.5' which yields a solar attenuation of 0.165
One-dimensional steady-state coupled continuity and eddy transport equations were solved by a generalized NewtonRaphson's method (see, e.g., Ames, 1969). The step size was 1 km and the convergence criterion was 5%. With the exception of Nz, the system was treated as a two-point boundary value problem. Large variations in the boundary values caused changes in the solutions within only a few kilometers of the boundaries located at 0 km (number density of 2.9 X 1Olg cm-l) and 40 km. A flux lower boundary condition was assumed for nitrogen so that the downward flux was approximately equal to half the upward flux of ammonia ; thus our solutions represent a lower limit to Nz concentrations.
RESULTS
AND DISCUSSION
Photodissociation rates of ammonia and hydrazine, J (NHS) and J (N,H,) , are shown in Fig. 1 for the various assumptions on the model atmosphere. We show only one profile for N,Hd corresponding to the atmospheric model in which K 0~ 1/M1/2 (standard case). This calculation was based on the assumption that all the N2H, generated in reaction R3 of Table I is in the gaseous state. As we shall see later, if hydrazine condenses at its saturation vapor pressure then the dissociation rate will simply be the value corresponding to an optical depth of zero. The photodissociation rates of NH, can be as much as a factor of 4 greater than Strobel's (1973) values. This difference is attributed to revised solar flux data which in some spectral regions are twice as large as those used by Strobel. Also our spectral interval of 10 A allows a realistic reproduction of the absorption cross sections of NHs. The height distributions of ammonia and its photolysis products in terms of volume mixing ratios are shown in Fig. 2 . The curves refer to an eddy diffusion coefficient K a 1/M1i2. The solid line curves for N,H,, N,Ha, and N2 were calculated on the assumption that all the NZH, resulting from the reaction R3 is in the gaseous phase. One would not expect this to be the case; e.g., at 20 km where the temperature is 130"K, the saturation number density is estimated to be about lo5 cm-3 while the calculated density is lOlo cm-3. Such a degree of supersaturation is most unlikely.
Our calculations also show in Fig. 2 
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tion I, and fusion If. It was necessary to extrapolate from these expressions to low temperatures since the relation for E, is given for the range from 275 to lOOO"K, while for lf the range is 170 to 340°K. The temperature variation of the latent heats is not large (see Fig. 3 ) and we have estimated the latent heat of sublimation 1, -I, + Zf to be 1.4 X lo4 Cal/mole. The only measurement of which we are aware of the NZH, vapor pressure over N,H, ice is that of Scott et al. (1949) , who find a pressure of 2.6 mm Hg at 273°K. From these data and the Clausius-Clapeyron equation, we find for the hydrazine saturation number density,
(1)
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Note that over the temperature range of interest (-110 to 165°K) the saturation vapor density varies by about nine orders of magnitude (see Fig. 4 ). We have not used the Antoine equation (Scott et al., 1949) to estimate the saturation vapor pressure of NzH4 since the expression was developed for the liquid-vapor phases. If this equation is extrapolated to the lower temperatures applicable to Jupiter, the difference between (1) and Antoine's equation varies up to a factor of 100. The N,H, concentrations which allow no supersaturation in Fig. 2 correspond to the saturation mixing ratio at the local temperature; i.e., the saturation value was less than the N2H4 calculated in the photochemical scheme which includes no condensation. If the atmosphere can sustain no more NZH, in the gaseous phase than given by the saturation curve, the rest must be available for condensation. These two profiles which differ by many orders of magnitude over the altitude range represent the extremes for gaseous NzH4. The trend toward a positive gradient around 40 km is due to the temperature inversion near this altitude.
The nitrogen concentration corresponding to the hydrazine saturation density is about a factor of 3 X lo2 smaller near the cloud layer than the nitrogen calculated without any hydrazine condensation ; at 40 km, however, the difference is about four orders of magnitude. The resultant NzH3 is several orders of magnitude less than hydrazine.
Mixing ratio profiles of NH3 are shown for several variations of eddy coefficient in Fig. 5 . For comparison we also show, by dotted line, Strobel's (1973) results calculated on the basis of a constant temperature of 120°K, a constant eddy diffusion coefficient K = 2 X lo4 cm2 set-', and a rate constant k4 as given by Francis and Jones (1971) . Although Strobel's (1973) results appear similar to the model with K a l/ Ml'2 in the present study, this is somewhat fortuitous. For example, using Strobel's reaction scheme and his model atmosphere, but with revised solar flux data and cross sections, we find NH, concentrations near 40 km to be some two orders of magnitude smaller than in the previous study. The present calculations apply to a mid-latitude case except for the long dashed curve which is for high latitude. One finds a wide variation in the NH, mixing ratio near the top with the choice of atmospheric parameters. As we have discussed earlier, perhaps the representative NH3 distribution in the atmosphere of Jupiter is the one with K 0: ~/LI!P'~, although the variation of NH3 in this model and the one in which K a l/iV is rather small.
There may be an appreciable variation in the ammonia concentration with latitude. At 75", for example, the column abundance above 20 km is 5.3 X lo'* cm-2 while the mean global model yields about 2.7 X lOI cm-2. At the equator the column abundance would be lower; latitudinal variations in NH3 concentration between equator and pole above 30 km may be larger than two orders of magnitude if meridional transport is negligible. There may be significant variations in NH, from the mean global model due to the varying solar zenith angle as well as diurnal variations in the photolysis products. At nighttime, them is little variation in NHI, but NH2 (see Fig. 6 ) decays rapidly to N2H4 A study of the full time-dependent problem is in progress and will be reported subsequently.
CONCLUDING REMARKS
Jovian ammonia chemistry has been reevaluated in the light of improved solar flux data, chemical reactions, reaction rates, eddy diffusion coefficients, and temperature structure. The hydrazine column density above the ammonia cloud top can vary from 1 X 1Ol5 to 6 X 10" cm-2 depending upon the degree of supersaturation. If saturation does not occur then virtually all the hydrazine produced would condense with the total NZH, ice production rate of 6.9 X lOlo molecules cm-2 set-' which corresponds to an amount of about 1.3 mg m-2 per Jovian day.
Nitrogen is the principal gaseous component of ammonia photochemistry. Its column abundance would vary with the degree of hydrazine saturation. Typical Nz column densities should be about 3 X 1OV cm amagat if there is no supersaturation of hydrazine, while if all the hydrazine remains in the gaseous state the column abundance would be about 3.4 X 1OP cm amagat. These calculations assumed an eddy diffusion coefficient at the ammonia cloud top of 2 X lo4 cm2 see-l ; however, an eddy diffusion coefficient of 2 X lo3 cm2 se& produces an Nz concentration two orders of magnitude larger. If the value of Ko were as small as 2 X lo2 cm2 set-1 as suggested by Sagan and Salpeter (1976) , the Nz mixing ratio would be on the order of lo-'. The N, concentration we estimate near the ammonia cloud top may be within the realm of in situ detection with the present mass spectrometers, particularly those utilizing enrichment techniques.
The mean global ammonia profiles which WC calculate are similar to the earlier study by Strobe1 (1973) , i.e., the ammonia destruction rates are within a factor of 2. However, there may be significant latitudinal variations.
In high latitudes, the column abundance because of a larger effective zenith angle is most, likely several times that at the equator. The results presented here are strongly dependent on the eddy diffusion coefficient. For example, a decrease in the value of the eddy diffusion coefficient from 2 X lo4 to 2 X lo3 cm2 see-1 at the ammonia cloud top results in about a sevenfold decrease in the column abundance of ammonia.
The range of distributions of N2H4, N2H3, and N2 gases presented in this paper relies on the vapor pressure of N2H4 which we approximated from the Clausius-Clapeyron equation. A precise measurement of the hydrazine vapor pressure at the low temperatures (1 lo-165°K) prevalent in the lower atmosphere of Jupiter is highly desirable.
